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Met hod for Connecting .Optical Fibers and the

| nt er connecti on Background of the Invention

Field of the Invention 5 This invention relates to an inproved
met hod for wolewsezod er connection of optical fibers and in OPfEX:

relates to a new "dry," i.e. gel-less, nechanical optical fiber

| nterconnection where t b hLRCEENASHAL GO ALY Findh are
pressed together and marmtarmed UMUeT 1d¥bdbone splicing
el ement . Description of the Prior—Art Optical fiber
splices are well known and the art I's becomng crowded with el enents

for aligning the fiber ends g@phical.hy éﬁdtﬁ'Q'ﬂkF%E ke sane in
alignment. C eaved 15 fi ber endswrﬁm T al splices
currently avai |l abl e. These splices contain a coupling nmedium

usual |y a gel orﬂwb&&&m I ndex of refraction as the core

of the fiber.s This index muighingefiBiohi pdldtes to u&edmpboﬁedi |lmdthdgdpr

bet ween the pair_of fiber end faces 20 to be.s

Prior art show nrghea ngrlerccgnnle&%ﬁ{l 8% ?ﬁg‘{?{}p?l ersuggg E §’I§e aps ees?é:nt
invention is di scélesb ite @SAepafl’dnys” i.eNopel-4e834, msahanucéljgnxnya;
Mechani cal splicgg, dHHyéanﬁ n [ e me
mechani cal spli ces %ve a pro etct&'emh ﬂﬁéré”f’{t@ %%aet%ﬁregag é %?Czaltl(?ot he
i ndex of ref ractabamﬁdt are prﬁrﬁﬁeﬂl *é%efehﬁhgmgn@tm&aweﬁgunder axial
t enper at ur esy o WhighpF&sdildn Iy the ghmggyﬁ@%é}{t the optical signal,
mainly return | oss i ncreases. erefore, the mechanical splices, not

usi ng 30 angl ed Blesegé/iprgo n tth% Q mrngrt presented a problem

Optical fiber splices are well kxnown and the art
is becoming crowded with elements for aligning the fiber
ends optically and holding the same in alignment. Cleaved

15 fiber ends are used in most mechanical splices currently
available. These splices contain a coupling medium,
usually a gel or oil, that has the same index of refraction
as the core of the fiber. This index matching material 1is
used to fill the gap between the pair of fiher end faces

20 which are to be spliced.

Prior art showing a splice element of the type
used in the present invention is disclosed in USA patents
Nos. 4,824,197 and 5,159, 653.

Mechanical splices all contain the index matching

25 gel materials. Some mechanical splices have a problem with
temperature cycling due to the index of refraction of these
materials changing at varying temperatures, which result in
fluctuations of the optical signal, mainly return loss
increases. Therefore, the mechanical splices, not using

30 angled cleaving on the fiber ends, presented a problem,
first, in not always meeting temperature cycling
specifications and, second, needing the index matching
materials. However, the mechanical splices are easier for
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fir%t, I n not always neeting tenperature cycling - speci fications and,

second, needi ng the index matching mat eri al s. However, the nechani cal
splices are easier for -1- WO
97/ 36200 PCT/ US97/ 02812 t he
technician i gddaelgoe! d to conplete. The inprovement of plchusoheziani cal
splices in a nanner to render them acceptable and readily conparable to
the fusion splices is contenpl ated by the present invention. Existing

techniques 5 the peempaiciap time thebéiedddso fasmmietreect Tive amprovphentd in
Lhe present | DYENtheInd haHAMCSRTEENN £2 nilldor Ie rendexOEhbESS SPIT coS

Summary of the~ 'nvention ] esent invention provides a new
and i nproved leccepbelele gnd rpadidyngosperakle ftpdihe fupienpspdisss is

conpri ses tBRrehSPE&d By A pRaskhe £heeniod Ne Hiildting! @eBAnsghesed

for intimate axi al conpressive caontact bhetween the cor ering the

es, eqt
fi ber ends ¥ nt §9FhRT 9 Fhenddbsr gnespEer connectiai. A%y Fﬂp§°¥?ﬁe

splice el enent thengresast nihverlti onCcaBppesduye metismiatal,helrypt éréace of the
fiber ends to retain jntimte axial contact of the fiber cores

t hr oughout IELABET 2TRF LIl i ng between OC and 40[err]C. This
conpr essi ve contact is afforded by applying axial conpressive forces
onto the fiber Sumpanyjafithe Jnventionenent passageway prior 20 to

actuation of the el ementrh!srdduntd inveRESoRNbFovilles a nEl 0@ ¢hpFBEHEd
prior to actuation of the elenment suc when the stress is renoved

the splicelll ePERECHF| FORpFRILCHRT °ptgf%g?%EBﬁﬁ$es§?RﬁaHRﬂQ5§soﬁ°Fﬁ€1FFﬁer
ends, or applyithe stepgeddrpiemarines thecehfst b thenkiierf tter becspaticed to -
apply for intimate axial compressive contact between the cores,
entering the fiber ends into the opposite ends of a fiber
passageway in a fiber splice element, and placing a
15 compressive force at the interface of the fiber ends to
retain intimate axial contact of the fiber cores throughout
temperature cycling between 0°C and 40°C. This compressive
contact is afforded by applying axial compressive forces
onto the fibers when in the splice element passageway prior
20 to actuation of the element, placing a stress onto the
splice element prior to actuation of the element such that
when the stress is removed the splice element will apply an
axial compressive force on the fiber ends, or applying
deforming pressure to the element after actuation to apply
25 a compressive stress to the ends of the optical fibers to
maintain them in intimate axial compressive contact
throughout the desired temperature ranges. Stress can be
applied to the splice element by heating the element,
bending or stretching the element along the fiber
30 passageway prior to the insertion of the fiber ends into
the splice element and actuating the same. Also, the
compressive force to the fiber end interface may result by
applying a force to deform the element and forcing the
fiber ends into intimate pressure contact. Further,
35 combinations of these procedures are alsoc contemplated,
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25 a conpressive stress to the ends of the optical fibers to mai nt ai n

themin intinmate axial conpressive contact t hr oughout the desired
tenperature ranges. Stress can be applied to the splice el enent by
heati ng the el enent, bendi ng or stretching the el enent al o"r}g9 t he fiber
30 passagevgyoipées to the insertion of the fiber ends i nt BCT/USY70¢81%
splice elenent and actuating the sane. Al so, the conpressive force to

the fiber end interface may result by appl ying a .for ta.deformthe
el ement and foréi.ag hpating the b?t?rllé:ﬁd§l?ﬂ?8€i#‘% rigltaé”ﬁ‘rgeg:gﬁr g"gﬁﬁt%%s.
F;”“er’ 35 con‘qhn/@hgog&@én@ hasfemIspeedyr 68 méchalialdontapppliated,

-2- WD 97/ 362

6200
PCT/ US97/ 02812 cOompresSgionCeRtAfhhe splice el ement and placing the fiber
ends in the el enent undstirmspriheg netajdihaelemently tp@ iteperature
conpressi on gontact . od_‘?&?i gk h A Gt rbligea
t enperat ure g %’&%\‘/"\ESH }88%?1% ]12200[ err 8%%0%%%‘% uati on of bt heeggl i ce
el enent, which adementenwbiehcactuntdianyseangshEadatimn fangbpind thaqiiber

effectively hol C%?dtsh‘inf:li BekeePfively HliddNede fibek Nénd@itih aliighef) essure
contact with each other whe

tenperat ure. ThePiBase BFigéggﬁﬁﬁurf;%‘ﬁlnggctiﬂiE%gégﬁg ‘%tg}ﬁ%ce)ogcfﬁr ERfsed in
the tenperature gpliceygbki Bgthesés 1 ddom BelmbepatuspeciThe mount af head
generall Y | A0S e 20 BUOLA Sl R ol (B ne cbltapgar ons
After placing theydlilpgr testis of the iBatlcorenspecificatipnhassmsiede el ement
of a Fibrlok [ergl, Snhi1gesnfi@seRy Giidena puBlRkhed b BEL A ATEBe1LO
distort or stress the materi al and cause the rratg{lgl to %quAXNWT—
conpr essi ve st r Copmynicesions Research, Morristown, N ocumen

000765 and GR-765. :

15 After placing the fiber ends in intimate contact
in the splice element of a Fibrlok™ splice, force can be
applied to the element to distort or stress the material
and cause the material to apply compressive stress on the
fibers to force them into compressive contact.

20 The interconnection of the present invention is
an optical splice between two single mode optical fibers
comprising a splice element having a longitudinal
_passageway for receiving the ends of the fibers approximate
the midpoint of the passageway, and the fiber ends being

25 placed in axial compression against each other free of any
index matching material.

The splice of the present invention contemplates
splicing two optical fiber ends which have been positioned
and clamped within a metal splice element. Through one of

30 a variety of methods, the fiber ends are placed and held in
optically aligned intimate axial compression against each
other. The splice of the present invention is free of any
index matching material.



fibers to force theminto conpressi ve contact. 20 The

interconnection of the present invention is an optical splice between
two single node optical fibers conprising a splice el enent having a

| ongi t udi nal passageway for receiving the ends of the fibers

appr oxi mat € wo 9754360 M dpoi nt of the passageway, and the fibecyesyimdiei ng 25
pl aced in aX|aI conpressi on agai nst each other free of any I ndex

mat chi ng materi al . L The splice of the oresent I nvention

cont enpl at es splicing t2B1® gription of Rhb % been

posi ti oned and cl an'pmb wztehueli\tameéﬁtl@@lwﬂ Q:leemﬁ&ftheIh&Qb'&f‘n%lﬁ of

30 i et f t hod d J d
opt?c;?{;earigneggkré% %?%505% %§8§8F§3§£€ﬁgﬂggﬁﬁgﬁﬂe§berregnother The

splice of the present inwimgirenli ssf reeidé algvationadalnddewnafcénnend of

mat eri al . : . WO 97/ 36200
PCT/ US97/ 02d12 2 optical fiber that has peen, C]f?%‘ﬁeddf the Drawi ngs

The present invention w [Fignref @ tisep EE§€P¢@m§Ne vien tof pefébencendo the
acconpanyi ng drgﬂﬁpghggmgégd1cleaved and bevefég@ure 1 is a side elevational

view of an end of 5 an optical fiher that has een cl eaved;
Figure 2 is a perspectiveguRg &flé pi Gaflecplievational; Vigw pEehh®| caved and
bevel ed,; cleaved dnd)Weved dds fibeirdenal eFatiquad 2¢i ew of the

cl eaved an @eveled fiber

el evational~View of a paiT i§¥() FIg§avé§éf?ikyaEﬁﬂﬁ?ﬁﬂ?&ggdg?nacaﬁﬁii$%Side

cleaved fiber ends placed in contact;

Figure 5 is a side elevational view of a pair of
fibers pressed together where the end of one fiber has been
cleaved and the end of the other fiber has been cleaved and

15 beveled and the ends have been placed in contact;

Figure 6 is a top plan view of a splicing tool
for practicing the process of the present invention to
obtain the desired mechanical splice of the present
invention;

20 Figure 7 is a graph illustrating the test data of
a splice prepared according to the present invention:

Figure 8 is a top plan view of a splicing tool
incorporating a movable fiber clamp mounted on a ball
slide;

25 Figure 9 is a longitudinal partial sectional view
of a splice where the splice element has been actuated '
according to the present invention;

Figure 10 is a top plan view of a modified
splicing tool having a mechanism for applying various

30 measurable compressive force on the fibers to apply
compression on the fiber ends in a splice element;

Figure 11 is a front elevational view
illustrating a modified splice element and a modified nest
tool for stretching the splice element prior to actuation



Figure 5 is a side elevational view of a pair of fibers pressed

t oget her where the end of one fiber has been cl eaved and the end of the
ot her fiber has’been cleaved and 15 bevel ed and the ends have been pl aced
i n contact; Figure 6 is a top plan view of a splicing tool

for practicigg ohRée#’ OCess of the present invention to BET/HSHIZHE
desired nechanical splice of the present I nvention; 20

Figure 7 is a graph illustrating the test datg of . .a_splice rqpared
according to the® ﬁ?J@s"@ntarﬁanéthﬁh’,‘ a compressive agigl £o c?sméprtrbp pl an
view of a spliciimedat the fhberpimterfares novabl e fiber clanp nounted on

a ba! ! .S' | de; 25 Figure 1 i Py 9exi.dS \ﬂ.évpr&fi rtﬂgi Qﬁki@%réiéﬂent
sectional view of a splIfice ere e splice elenent has been actuated
accordi ng to thangresdntofi Mignreoht: Figure 10 is a top plan

view of a mdified SRiigir801509 Dapidit 21RERIABREM LoEwapp!lyi ng
various 30 Tneasurable conpressive force on the fibers_ to a

. . . ply . .
conpr essi on on fwethepambgsddent g9f sp| pedifkiadsplice elemen pgs“‘tf?rtﬁ?re 11

is a front el evghi®NedusiirRiVof a splitshg atddly ormdiskredoapbi cenel £t and
a nodified nest nds: tool for stretching the splice elenment prior to

actuation enas; - 4- WD 97/ 36200
PCT/ US97/ 02812 t o plRigmrand4nisnani end ciEawpredsshee spliae éberentved he
fibers at t fLber_i r f : Figure 12 is an end vi ew of
the splice enggguré “fj;,n cho of Figure 11,

Figure 15 is a sketch of the splice element having
a bending pressure applied to place compressive stress onto
the fiber ends.

Description of the Preferred Embodiment

15 The present invention provides an improved
mechanical splice and the novel method of obtaining the
splice. In the drawing, incorporated to illustrate the
novel features of the present invention, like reference
numerals are used to identify like parts throughout the

20 several views.

While optical fiber ends can be polished, it is
time consuming and difficult to be precise, cleaved fiber
ends are used in most mechanical splice configurations
currently available. Cleaving is a practice of first

25 scoring or nicking a very small point on the outer
periphery of the cladding of an optical glass fiber, which
reduces its mechanical strength at that point. The later
application of a tensile or bending load along the length
of the fiber where the score defect was made causes the

30 fiber to break generally perpendicular to the fiber axis.
The cleaving procedure creates the fiber end face 8, see
Figure 1, which possesses the most easily obtainable defect
free surface mechanically obtainable for the fiber core 9.
Most mechanical splice configurations currently available,

35 contain a coupling medium, usually a gel or o0il, that
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5 ° Figure 13 is a front elevational view of a further

enbodi rent of a npodifjed splice el enent positioned on a housing of a
splicing tool for insertion of the fiber ends; Figure 14
is an end view of the splice elenent of 10 Figure 13; and

Figure 15 i sygo%¥bsh of the splice el ement having a bepclrosp7pzerssur e
applied to place conpressive stress onto the fiber ends.

Description of the Preferred Enbodi nent 15 The present invention

provi des an i nRASREFSes thecAAMPcHPILP| Il FofiFPatiennaseFhaettind orf the
obt ai ni ng the fibegplioce. Thast hadex anatehiridaiteeiatetst @sed |dstaiate thee
novel features of the _prese Lhyention, like reference, nu als gre
used to identif%ﬁqi etﬁgrﬁgg%ﬁkgéﬁﬂ%iﬁb%?ﬁa%&? H?éﬁePglg§F%ﬁwfnén¥éces G,
Wil e optical fédeelFigude danwbachodreheplided.i s This gepeisormussdidyand
difficult tg becl@ﬁc'oﬁﬁprslt%\é‘ignfiP%hiﬁhatﬁfégxd%&%? dsefnd pd@d Mechani cal

splice configurations currently aval eaving I's ‘a practice of
first 25 scoridigesntlyi oePrgiievEny seere masikoronicke outer peri phery
of the cladding of an opirn3al cohaseibhpPels WdYIChs ornbfdbsgssidablrEechani cal
strength at that point. The |a g licatign of a tensile or bending

r (]
| oad al ong t he FsHGons, b‘F“Fﬁliyf?’E)%r iy dnbegeat gerekiens, withdn
causes the 30 {rdandavibgepkogeaaral | \WMarey pEFHetehar tbols herd ideycrdved.

h I [ ' d.f . ._Fi
Ine ! o158, PUAFBRUEE TRy A AR 10, 55 oSy B ko

€ noS easl
mechani cal | y obtid&bn¥Breing degrges feACEBFREY). Accunasyt ifppepsMEed| Wikl Ace
confi gur ati ons mildreenhter ftadmkadl o whikth déxdriiifes MO khaofIERdessN ands yRe | y

a gel or oil, t;h%tularity of the end. "o

Undesirable features caused by the cleaving

15 process can be removed by grinding a bevel on the end of the
fiber. The conical geometry of the bevel 13 which has been
ground on the end of a single mode fiber are easily
generated by using existing tools which are operated both
manually and automatically. one such tool for bevel grinding

20 is described in publication No. WO 95/07794, published 23
March 1995, of Minnesota Mining and Manufacturing Company,
3M, St. Paul, Minnesota. A bevel angle or included angle,
of the cone shaped end portion 13, of between 40 and 160
degrees can be easily obtained by making simple adjustments

25 to the tools. The change in angle, provides a change in the
end face diameters. The fiber length is easily set with a
simple fixture, and once set, the angles generated are
consistent from fiber to fiber, within a range window of 10
degrees. The end face area or its diameter is determined by

30 the amount of material removed from the end of the fiber.
On the automatic bevel tool, this is controlled by the
amount of time the fiber is ground. The more time spent
results in a smaller end face diameter. On the manual bevel
tool, this is controlled by the number of revolutions the

35 fiber is rotated against the abrasive media, more
revolutions results in a smaller end face diameter. Control
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possesses the sane index of refraction as the core 9 of the fiber 10.
This index matching material is used to fill the gap at the interface
between the pair of fiber end faces 8, see Figure 4, which are spliced. .
This gap is causeseedo a 5 cleft or protrusion 11 which can oRSFUSATOBHe

poi nt directly opp05|te the score mark or nick. Thi s
condition, as well oth unde . di.t | | e sed
by i nher ent _pr obOTERg: ERAnTECe FHIR S i 3BT ohE Srenf dilog! pREPEGRY
tools are descrlhedametensphame keen istoh @GdféﬂnetﬂeamE#Qﬂﬂﬂﬂmcuﬁually be

cl eaving operati %1ntal%ﬁhw§{€‘5¥ﬁ Ng Se9r @RHo0k FAEH! d6Ver AMY Be¥elfng
nmeasured with a m cro-interferoneter, which detern1nes bot h t

fl at ness and trmaCYC1e§n§S¢8FFt9h%fa?¢R§¥¥ﬁjmedla requires chﬁﬂﬂ%?ﬁrgHFet°
features caused méatrhe eheashffadd PSS thaneha EL5O VS énn@renrndsng a

bevel on the end of The £on t he Vi 1
whi ch has been 9% naeSHCFaeb% %P%;ﬁ§§|§n§oa§ ¥ dreeggghey§
gener at ed by usi nd lmsitxaiteg thmbsreﬁumﬁnqnwbyopempheﬂn@oar:leavemaﬁdabtylénd

publ 1 cat | on No. VESI5167 Tok ealfs PHE paid il Hlped 18, 035 NG the end
M ni ng and Manuf axft mhengfléeﬁpﬁﬁyo 0015 3ipchst whipghl was) the shiametarpuses

angl e or inclygdedyanglfring sghéaet&%gsﬁad%dsﬁeéaeeréféw 01:‘.31th%f £hgkyeen
40 and 160 degrees can be easily obtalned tments

25 to the tools. SRk fasendé Fﬁd‘éﬁﬁﬁebyp?%l dé‘é‘ealﬂ‘ﬁﬁﬁﬁgcﬁP?% r°“J tBRd face
di amet ers. Ehe f i dedadiengoberattasi 1 ycsvdd driduna t?e penppleefy xifutke end
once set, the angles ner t sistent fr r i_he

wWithin a range w S e%g 3, %%Y%%s 4%5 Pacgﬁgrégggﬁﬁ ? % Leef‘er

i s determi ned by smretmrmmdnt dye het bmcrmasrmgo\me anghes eetwaenofthehend
fiber. G%Q(HH%{ itheP@Y Bk BP%netﬂb%z‘ S epRt bAL) €ddBa WdRt during

amount of tlne th i's ground. The nore tine_spen results in a
smal | er end face $REHRS é:restew WesnanPQ| d9EKAS “"Cluf’SGI anglf s 9% 4o AEEsPREd
by the nunber of gfwlttHd @xist b€ Bheffiloérj s rotated agalnst t he abrasive

nedia, more  revol utiong o3l s bR 8 IR S0al FECAATBLY for

two reasons. The first involves the fiber cleaving

20 operation which rarely yields a perfectly flat
perpendicular end face. An angle of up to 1 1/2 degrees
from perpendicular to the fiber axis, usually occurs on the
end face. If a pair of fibers 15 and 16 are mated so that
both have angled end faces, a gap is created between the

25 fiber cores. Figure 4, illustrates this condition. By
beveling just one of the fibers, fiber 16, keeping the
angular relationship intact, the gap is reduced by 66%
using a 0.0015 inch (0.04mm) diameter end face on fiber 16.

The second reason involves the amount of axial

30 pressure required to elastically deform both fiber end
faces to the point that the fiber cores 9 are in intimate
contact, and a gap does not exist between them. If
pressure on a fiber remains constant, and the surface area
of the fiber's end face is reduced, the total pressure

35 experienced at the fiber interface increases. This

.



PCT/ US97/ 02812 WO 97/ 36200 of the end face dianeter is very consistent
once the tool paraneters have been set. End face dianeter can usually be
"maintained within + or - 0.0002 inch, over many beveling cycl es before
the abrasive nedia requires changing due to 5 wear. The surface area of the
end face Ofwﬁa%&ﬁlf S greatly reduced by beveling therexrisogm282f i ber.
Figure 5 I"TTustrates this reduction by conparing a cleaved fiber 15
next to a cleayed and beveled, fiber 16. By beveling the end of the
fiber to O. oo@%ﬂfcﬁiﬁ'mﬁi-&h'wégc’f?PeS’d}%rFéiéF 6§8d136eﬁ€%?e RFGSRPTEpItPce

testing, the suiffiael dheamatet heeddnay axialerdntace betweshicgk Hibe@% The
I nperfections fromthr—is

. | Ng eration |Lac d ound_ t h eri phery
of the end qeﬁﬁf'havelggékggéﬁbve < gueégggoggfﬁ%a%$é¥¥%ﬁﬂa egs been
strengt hened, dumnspittededownga t qrnghiiylods 2156t méenonheufer Ipatace fdkert he
side of thegfihgn ﬁmewasygts Y88Uei®StadlllilsNYery smBiLCC G£hlg R0 Was a 90
degree included angle, of 45 degrees fromthe aX|§mof the” fiber.

The reduction ifFangarscd -3PQaineh | [forimit 1esg Fibrigk™SpadcasasTde fir st
Hlv?l ves the fidam plilleea\thgg];ZBeepﬂg agtﬂsza_:tt\éa} qhzr?agl mée%m@ sbiaeyel,ect ly
a per pendi cul ar ace..An an 0 egr ees, r,om
per pendi cul ar t"g"‘t‘#b "‘Pl“g bﬁx?s‘?l%ﬁfécﬁgf%og)cagg bﬁc%hﬁgmm) ’engﬁ"{“zfcépuﬁfi a
pair of fibers dé thed closest pairt ab vhiath the fdberhaveldrisg erkigped byes,
a gap is create et e ot | res.. . Fi | irat hi s
condi tion. l@; éim‘pebevel i%r?gg?ué?d%%g@%f%gﬁﬁtbgrgg?gf|f ré#“l ,“z‘?&&sﬁtg t he
angul ar rel ati othshignd feget-, The dbameten eafutbe blassgoportiemiafy aa 2900015

inch (0.04m) dialwdrerei8RY hea8usds fd MRVs 4Gch (0.125mm). THIE SLE@ORBor
reason invol ves_ the anount of axial 30 %essure r%gw red to el asti.cal lPé
t in

def orm bot h fi bk§PEY to dipmeter; Fatin Uit fat TPhethe pEranTHSS IO,
intinmate Cofvds. ahed aplidpedemsraraie exilet iBekweepal helduddnds of an

pressure on 2 1] bel 1 SMRINSHCANEhEbut Ak HISrRWEAEE BhE%eiber, to

provide clearance, which allows the fiber to bend when put

under axial pressure. If this pressure is too great, the
fiber buckles, and damage or breakage can occur.
Some of the benefits obtained by cleaving and
20 beveling fibers can be acgquired also by polishing the end
of a fiber. Undesirable defects caused by cleaving are
removed. The face surface area is greatly reduced. Fiber
edge strength is usually improved depending on the end face
profile that is used. Control of the end face profile is
25 dependent on the equipment and procedures used. Polishing
can be obtained by heat polishing or abrasive polishing.
Heat polishing means the melting of the fiber surface and
abrasive polishing involves the removal of glass with an
abrasive media. There are several disadvantages associated
30 with abrasive polishing which leaves scratches in the end
face of the fiber. Finer and finer abrasive grits are used
to reduce the size and depth of these scratches, improving
surface finish, but scratches will always remain. The
finer the finish desired, the more polishing steps
35 required, which means more time required.
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of the fiber's end face is reduced, the total pressure 35 experienced at
the fiber interface increases. This -7-
WD 97/ 36200 PCT/ US97/ 02812

benefit, i.e., increasing fiber end interface pressure to afford

inti mate presggoensasd al contact between the fiber cor es, PCHUSIMN2812 ant .
The anopunt of force that can be transmtted down a length of 250 m cron

buffer coated fiber 5 all .the way_to its_end face is very snmall. Using a
standard 1.500 inch (38.1 1?%ﬁ9ﬁ¥9?ﬁ|%ﬂ%ﬁ§??]aéﬁ|?%@@%£§§nfg§ MOk anpl e,

the fiber is inoustenets? taymeet ostdreiazpl Bedlcore pénfdrmemded be a

di stance of 0.7 i ] . This; I : gﬁﬁg Ol at which
the fiber could gcggsgééggﬁ%.16ﬂ%§ﬂ§9§g%iBgefﬁgé%ggrf%% raﬁ%h%?%?orce

| ongi t udi nal | y tthroughphE entemperatumte rangeeesr-40°¢Heo AUSs Fopicah of a

250 - mcren fdgpedPagHies Soddid MPticR112388% -mdtdmid .
| ength to dianef%? rgg?o élSO to 1) fgﬁh?he t?gnsnfg;?%n éfmétgggé%ge. The
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improved to ensure intimate contact between the end faces. The
15 fiber end preparation procedures previously described yield
improved fiber ends that allow intimate axial pressure contact
between the end faces and eliminate the need for index matching
materials. -
To test these improved fiber end faces, Fibrlok™
20 Splices were made in the factory without the application of
index matching gel and/or oil, a "dry" splice. A pair of
125 micron single mode fibers were stripped and cleaved,
within 1 degree of being perpendicular. The fibers were
then beveled with 90 degree-included angles, and 0.0015
25 inch diameter end faces, similar to the fiber 16
illustrated in Figure 5. They were cleaned by moistening a
lint free cloth with isopropanol, surrounding the fiber
with the cloth, pulling it out, and finally making several
wipes of the tip of the fiber against the cloth. The
30 fibers were then inserted into the splice using the
standard established procedures, and then the splice was
actuated.
A Textronics Fibermaster™ OTDR was used to measure
splice performance during all tests. Measurements were
35 made by averaging the readings taken from both fibers, one
at each end of the splice, for greater accuracy. Several
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Heat polishing neans the melting of the fiber surface and abr asi ve
.polishing involves the renoval of glass with an abrasi ve nedia. There
are several disadvantages associated 30 with abrasive polishing which

| eaves scratches in the end face of the fiber. Finer and finer abrasive
grits are usfgleraenet © reduce the size and depth of these sGicEnsRfGms12

| mprovi ng surtace finish, but scratches wll always remain. The

finer the finish desired, the nore polishing steps 35 required, which neans
nore tinme requﬁ@éépe samples were made at room temperatuge, 26 degreegD

97/ 36200 C., and results were similar for aTtlsMw7é928l#hsertion
Optical fiber splices are_expected custoners, to neet standard

by nost
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5 splices, I gh_contai n opti I ndex mat chi n erials di_ spl ay poor
return Iossggt EeﬁggPth ¥%£€é§qéh%ﬁ§ﬁ§3an P@%P?%ﬁ%&? | htE$RHEEont act
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appl i cati ons. ng I.sed_wist i |t chi

materials 10 ier?crkrlegﬁg Fggfug@l igiergsarrrl{ 31??% F\rplﬂg gof’gﬁfonsae'gsy{&r?%r ci):\glg'ﬁg t he
opti cal index rhst¥eengtrBEREACYFeR| | AURiManghisetepti ttlwas notiided thathi ng

medi a. I n orderhe0 jalsbFeNdhe1688 Pahd GAla stablBdex-NRihigidgdi a, the ends
of the fibers nust b to enﬁﬁie i ntimate contact between the

e. . hngroved
end faces. 1¥he HSCLHAEPIARSH ERRR A i tFPYY Gfe@ufBs BRIVFRRIFSFWBscri bed
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of between -40dB and -60dB.

15 The explanation for these results is as follows.
The Fibrlok™ Element is made from aluminum. The thermal
coefficient of expansion for aluminum is 0.0000238 per unit
length per degree C. That number for glass can be between
0.0000102 and 0.00000005, depending on its chemical

20 composition. Aluminum will therefore expand and contract
at a faster rate than glass. The Fibrliok™ element grips
the glass fibers upon actuation. The fibers are actually
lightly embedded in the elements surfaces, and no slippage
occurs between the fibers and the element. When the test

25 splices were made at room temperature, the fiber ends were
placed into light nominal contact with each other, without
fiber end face deformation, using the standard splice
assembly procedure which uses forces generated from bowing
the buffer section of the fiber outside of the splice to

30 ensure fiber end face contact is made inside the splice.
When the temperature inside the thermal test chamber
increased above the temperature at which the splices were
assembled, the aluminum element was expanding at a faster
rate than the glass fiber, until all pressure at the fiber

35 interface had been relieved and the fibers started to

e
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I ndex matching gel and/or oil, a "dry" splice. A pair of 125 mcron
single node fibers were stripped and cl eaved, within 1 degree of being
per pendi cul ar. The fibers were t hen beveled with 90 degree included
angles, and 0.0015 25 inch diameter end faces, simlar to the fiber 16

il lustrated igdds8de8 5 They were cleaned by noistening a PCTUS2812ee
cloth with isopropanol, surroundlng the fi ber with the cIoth pul I'i ng

it out, and flnaII klng ever pes af o] h

agai nst the cl otﬁe mat W?’i Fgemgf%e’f%e%ep%fetﬁdéd ‘lﬁpol?%u R ‘?sg&r‘eesu& ng
t he st andar dasetméﬂstsim dueotedthesglasnl diwiylelse sptﬁcéa%s This

act uat ed. condltnforia‘ revssan! Eésglfe&ﬂ@?ttﬁ{e[ halrmP1 DRhifSes'sed to

measur e spli or mance durin sts. Measurenents were 35 nmde
by averaging t hete@martgsrq aic@@peﬂoheb@w hthe Hgrlsicepoesembly LeRBRer A Cof

tge splice, for greglertaffdiattre S8¥LEALed below room temperature, the

WD 97/ 36200
PCT/ US97/ 02812 alumimjim &lelent; confEActed AF & Tafhe™ &ff8r kPap thoglass
degr ees C., ﬁﬂﬂefﬁ&t&ﬂtﬂuﬁmge isi thtaeafed mitdsssamplags thengibeéron

| oss was bel ow -0, f from
-20dB to -45d\év. ﬁﬁéggﬁ? sge\;eé/ep%é'ggugﬁlan? Crgtterlrgggctrh:at [%)mss a ﬁgﬂag anber
and put through anﬁnifamﬂeyleldlpatﬂewaedreEnqnnknaa%;aadanS-40Th¢r#&lunn
8O[err]C. Ongo NOWpsd!patteiAGiinGRBA" BLHELAEAN AbrBe 2018 Ba! the

transition tine bet ween tenperatures. During this tesf 1t was noticed
t hat the i nsBe¥Fon | oss remmined stable for all splices, 10 fluctuating

less than a tenth of a dB THEYE ttlé%tEE‘laéa to tHOTHRSNY iakbnEPbhcesThoul d
i ncrease to the-18dB r

O[err]C, all spl PEESSR e‘?/%ecfs mvf’ ﬁ "%f a%%vfé’[ Aﬁ%’%%%enﬁﬁfﬁ?ﬁr? a

measur enent s, ramgmpgrature that was higher than the highest temperature

15 that the splice would ever be subjected to, inserting the
fibers into the "hot" splice, and actuating it. This
should ensure that the fiber end faces are always in
intimate contact within the target operating temperatures,
which would yield low return losses.

20 As an example, a commercial Fibrlok™ Splice
Actuation Tool 17 was modified as illustrated in Figure 6
to apply heat to the splice. The plastic splice retention
nest was machined off the base of the tool, and replaced by
a new nest 20 made from aluminum which housed two 1/8 inch

25 (3.17mm) diameter by 1 inch (25.4mm) long, electrically
powered, 25 watt cartridge heaters 21 and 22. The heaters
were controlled by a Ogden digital control, atcurate to +/1
degree C. The splice nest was designed to surround as much
of the splice as possible without affecting its function,

30 in order to transfer heat to the splice as fast as
possible. A thermocouple was placed inside the center of a
metallic Fibrlok™ splice element, it was assembled into a
splice, and the splice placed into the modified tocl. The
splice was heated four separate times, from room

35 temperature to 100°C. The average time for the splice
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betwéen -40dB and -60dB. 15 The expl anation for these results is
as follows. The Fibrlok[err] Elenent is made from al um num The thernal
coefficient of expansion for alum numis 0.0000238 per unit | engt h per
degree C. That nunber for glass can be between 0. 0000102 and

0. 00000005, dgpepdi on its chemical 20 conposition. A um ngfrkisbiosiz
therefore expg‘??dﬂgﬁg’gcontract at a faster rate than glass. The

Fi brl ok[err] elenent grips the glass fibers upon actuation. The fibers
are actually dliegienity tenbeddbdthe taeget dimperasurtaeas, SGmkamdsl-i ppage
occurs between tlhigdr ReeSs ?'i‘ictehﬁa@ BORN ea iRR tt'ﬂ% £8al, 2§t %‘%d\ﬁ%d"‘@&&

made at room tenperature, ends were | aced nom nal
contact with eacHhHefelto \ﬁPPﬁoﬂtnutesf?%rt%(fpfl&Gé Géﬁﬁ?%tﬁ%ﬁ"q}s PASXt he
standard spI ice to raonehhpepaaedure which uses forces generated from
bow ng buffer sectigon of .the fiber out I de, lice to 3
ensure fi ber Snd face cont ggﬁ Fglﬁﬁﬁew?‘?ns‘??ﬁatet rQ.eretemp rafphe frotrol

t enperat ure insi diox vhet férstl spdite chastberas setl acr @a0dd, abb\dedrees
tenperature at I S n@ﬁgﬁ@g d eI enent
was expandi ng amaﬁheggpﬁﬂ Itﬁ(réa?g‘cjlr1 ¥ %?1 ass],r%f Fgégffﬂ#”?lrp pressure
at the fiber 35 |Eﬂ1é¢q°a7@etﬁ§&1§§eﬁrﬁéﬁqi@%d :hdir’d?hé'ibrbeks Sphicedas

- 10- WO %74&&%@0 J.nto the heated almnlnum nest and allowed to soak
PCT/ US97/ 02812 se When the {ibers separated, high return Iosses

are measur ed 1fue 3% & W%Pﬁ?r?ﬁl 10Q°¢ nfQrr ma @dnutgi s A PalnAf (Gigsrs
reversed itsel f whigde tdieatvied, n”&h.thﬁ]ﬁnbedegree,t%fﬁaeb%buleddt@m}ﬁcbxﬁﬂf@det he

splice assenbly t tur h re (t,l, cr ed bel ow.room
tenperature, the éarg) um num gAgrr%%{gh g d at8 %g}é?ﬁ % Jﬁ?&ﬁt?ﬂe
gl ass into the heated splice, the spllce was actuated, allowed to

cool, and placed into the temperature testing chamber. The
15 first performance measurements taken at room temperature
showed insertion loss was -0.10dB with a total fluctuation
of 0.02dB. Average return loss was -56.7dB with a total
fluctuation of 3.7 dB. The results indicated stability of
the optical signal. The normal buffered fiber restraints
20 23 and the actuating lever 24 remained on the tool 17.
Another splice was prepared and assembled using
the same parameters as the previous splice test. A graph
" illustrating this test data is shown in Figure 7. The
first return loss measurement taken at room temperature was
25 -57.5dB. The splice was slowly heated back to 100°C,
taking measurements every 5° starting at 60°C. The return
loss slowly decreased until 80°C at which point it
decreased at a faster rate until it peaked at ~83dB at
90°C. Between 90°C and 100°C, the return loss rapidly
30 increased, reaching -36dB at 100°C. The splice was then
allowed to cool. A second heating cycle was performed
having similar results as the first, except the peak was
observed at 94°C. (-93dB). During this cycle, the splice
cooling trend was recorded. During cooling, the return
35 loss decreased at a fast rate to a peak of -93dB at 83°C.
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fiber, resulting in increased pressure at the fiber I nterface, reducing
and elimnating the glass/air/glass Interface yielding |lower return

| oss readi ngs. The return 10 |oss pattern remnmai ned consistent from one
cycle to the next . These tests lead to the present

i nvention. Thegoemseiebesent process involves heating a dry Fi BETGR{TAR$IE
Splice to a tenperature that was higher than the hi ghest tenperature 15

that the splice would ever supj ect ed , o rting fibers into
the "hot" splice Ifar?&e&cFaasghﬁ Hicr eéit%o 'gﬁgﬁl ateh u'reaqtrﬁt "?‘thﬁfi%é?

end faces are al igyselaBe wasi néryes Fowontthet coblhhg thelé argristoppedt atg

t enper at ur es, |ch l.ow return | osses As an
exanple, a comerd Ic F?’V\?ﬁoﬁ[%%g]kgb °|scsere dlﬂgt UgtISG oBo'I f7tv}\l/§1'§d

modi fied as ill ustyciteetrasnprformed, and tfpldppeyd hbatsane tprtteyn 8. thee

plastic spli ngreée%&x'donmh Qﬁ%ht‘!‘l?é H&%@m%@saﬂst heché‘l?‘ﬁlé)fatt '%ﬁet eeaph

and repl aced a new nest from al um num wh housed

inch 25 (3. 17nmefiFdsuEer 7Tpy2 18Pt "\*e&?’e&fﬁﬁ lPoﬁatuE’Pe%‘??-'r ca If>911°wed
power eldi §5bwatt ﬁﬁ{édllgﬂﬁﬂyhlﬁﬁtérﬁaﬁllﬂd &ﬁﬁr%%seThﬁleﬁﬁeéﬁpr%XLmWeﬂg aTﬁo°
controlle y a en digita ntro ur at + egree .C. e
splice nest was %ﬂ b& Eﬁ?gbu% ]a%wqﬁi:c eag.mgf %ﬁetréi)lqrc%‘sd‘glﬁf}ssi bl e
wi t hout affecti nq:dntrﬂ: hemwblenn,le@r contaateranto sepanatton haat tthe hbéetepl i ce
as fast as blog chte! BERRDCOUR! o' 183801 11 6014 N i1LRl Phal

metallic Fi er'Iook[errﬁ splice e was asse
and the splice pI%ttﬁad:WGSFhﬁenﬁ@IFW%cb%m gemprated ap|the f:‘I/%é@rheat ed

four separate tinBsperdfaRi@ BYORhEScoh EF it 322 uk@ntfOf 81 éddsing e YR RESE
time for the splice 11- WO
97/ 36200 density to change, which ChangespeﬁrﬁUggqyiez%ﬁzrefraction.

This eventually stabilizes, and the increase in return loss

15 almost flattens out when the temperature was lowered. Note
that the optical signal is fairly stable in the Bellcore
operating temperature test range of -40°C to 80°C.

A second tool modification is shown in Figure 8,
where a fixed clamping mechanism 25 was attached to the

20 actuating tool 17 at the left side of the splice nest 20,
and positioned to grip the fiber immediately as it exited
the splice. A second fiber clamp 26 was mounted at the
righf side of the splice nest 20 on a linear ball slide
with approximately 0.1 inch (2.5 mm) travel. A compression

25 spring 28 was in contact with the ball slide, and located
opposite the splice rest 20. A screw 29 was mounted on the
tool base and was used for adjusting the force that the
compression spring 28 placed on the fiber via the ball
slide.

30 A dry Fibrlok™ Splice was placed into the tool,
and a pair of fibers were prepared having a cleave angle of
less than 1 degree, and bevel diameters of 0.0015 inch
(0.038 mm)} on each fiber end. The tool was heated to 100°C
one of the fibers was placed into the left hand side of the

35 splice approximately half way, and then clamped. The
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el ement to reach the target tenperature was 50 seconds. When the splice

was renoved from.the tool, it required from three to four mnutes for
the splice elenment to cool back to roomtenperature. 5 The
splice was tested and the tenperature contr ol for the first splice t est
was set at 1QQGC..&ddegrees hi gher than the hi ghest tenp

specified in t%@" Bell core testing procedure. A dry Fibrlo ,?%rr Spllce
was inserted into the heated al um num nest and allowed to soak 10 at a

tenperature of se@®per fliberovas plared. inkopihe ofight beasd 51de/\mfethleeaved
Wi thin 1 degreesﬁm@ uREeh el ! Radld SAMbACRich HRAFRISE Afnd}, 04

(0.05 M. The bers vvere I nserted Into the heated sp | C&, espllce
was actuated, dbenwsdamped. ThY| forgR adivetmentt screw ‘f%ﬁrﬁ@rt@tt@ﬂeunééll ng

chanber. The 15p‘prbs:tmaeé&9r OBB CSoutRas Ufe e Retrtbak Fnofit cdnﬁﬁ@sts%%e ﬁ:aEEé e

showed i nsertion | 0ss wa % agq\%;wth a total fluctuation .

Aver age ret @r n Wafs JeRgLa! 88 7 hep Fheosplice was agtpatesh tor Céa’FPdB The

resul ts indi catite Sideirl ehgsof Both tdimmppt Iw@&le snenaielérmmormltubnffered

fiber restraint S S%Omggsaggat hgsagéélat%rlgl I Sye gfcée%rﬁ r%_grloya; tool 17.
€ sa

Anot her splice WS prepared and’ N8d US| méfers as
t he previous sphecéoedst . ThegeRphce was |thent aétlpwgdtmscqqﬂst data i s shown

Fi 7. T
in Figure ri'feasurein'eh%& ﬁ@&ér&ﬁﬁ%ﬂ%ﬁuﬁ:ﬁ%néﬁégﬁ% %}aélk fggf'er (1C

tenperature was 25 -57.5dB. 1? I ce was slo
t aki ng meadlr ete¥iSs P@\%F g.5 The s %twaGOF@PllFé tqed9 G ur ﬁetuml 49§s
sl owly decreaseﬁwrihlch:eaebar tbC—aI odH Ghile Rhskition I¥d easRdnel atfaster

rate until it pea 3d er tvvee 90 LIl Cand
100[err]C, the r'e %ﬁ | ogg rﬁB q‘lﬁ’&" %?85 re‘%'d:
100[ err] C. The bilngc&akas ekeny 5 a|Tl’£BI\E¢ahslt¢0h zdnseftacsr\delmdngtcycl e

was perfornmed s glgh | lq.th
observed at 94[1e5r1r ]%%%QSSEE%&&&JE%& t%k#s r((:]ygfiE {?%’le sp |ce %e@ |ng

trend was REcortddd tEmPexgtussl thg retrn dogsninsreased kanisyed évbea f ast
rate to a peak gflic@3dBsabg83heéddled from a temperature of 165°C. The

- 12- transition zone was reached at 134°C with a measurement of
-80.3dB, after which, return loss rapidly increased for a
15 to 20 degree period and then increases were extremely
20 slow.

The added axial pressure of the compression
spring fiber preloading increased the temperature at which
the fibers separated, while keeping the return losses at
the colder temperatures comparable to previous tests. The

25 optical signal remained fairly stable within the Bellcore
operating temperature test range.

A series of tests were performed involving
assembling splices using the compression spring preload
method, without the use of heat on the splice element. A

30 dry Fibrlok™ Splice was placed into the tool nest which
remained at room temperature. A pair of fibers were
prepared with less than 1° cleave angle, and bevel
diameters of 0.0015 inch (0.038 mm). The fibers were
gripped in the clamps like the previous test.

35 Approximately 0.2 pound (0.9 Newtons) of compressive force
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WD 97/ 36200 PCT/ US97/ 02812 It
then rapidly increased to -65dB at 70[err], after which, the I ncr ease
was very slow. The cooling cycle was stopped at -40[err]C, with a
return | oss reading of -56.8dB. A third cycle was perforned, and

fol  owed the yagsmseigdt tern as the 5 second, with slightly b RCTASTSHA ¢ s
Looki ng at the graph of Figure 7, a rapld decrease in return loss is

fol | oned i medi at €| ncre W|th| roxi Y,

20[ err] r anyj@s 4%1%%‘2 d:rhqp(’f\hg g i hitPeis ik gplt%rr%nssg?ligél v_'?s poi nt
bet ween fi ber caataateamhcseaplalr auhamp;ngnfuneemomm remmosiede ofhehdikrmk. On
the col der side, s theo t eSS ehCe8gPeing
gener ated at th&nfil bare raﬁé aceht‘)E f? eng%ér:] racti né)\é%lw]&mhnum I s gausing
the gl ass dasgrcy tnhehmlwmwoenaﬁgéscwsmmm betieepatifon.

Thi s event uagl yaﬁhaz‘lzbbées,p‘% tdie |f|1§rsgaﬁgat{h eéﬁflré | @33 iamah_ﬁmg
flattens out when e tenperature was | owere

0
signal is fairl FY§ﬂ-&bPétFﬁr‘P%é”?§’eﬁ V&&¥e °°n5165%?%1t‘1”n"d‘ t%@PQ%BFE ?‘éﬁ&
range of -40C t@f8Qher B]aD.core Operatlng témpena)tmﬂré oodstrominigiecat i on i S

The 20 actuating tool 17 GpecReny G BedRpr %o nEF A SR RS sBLLBENTE 1O

the 20 actuating tool I cé nest 2
positioned to grsmwhhenf Fbgure nreis eﬁoe‘lmpdagfl a laxqm:aaﬁ crystxaﬁepgéwmeé. A

second 1 bet ocl GRy23 P‘eﬁglggy“iéfé’%ﬂ{g B can &;eﬂétéﬁ&iet&f t@ihgeiﬁ\:ﬁﬁés nest

20 on a lin proxi mat e .1 1 nch rmg ravel .
A conpr essi on 2Bleseriihgd28P0HS W*\tl’lﬂ?fﬁ é’@tle\FFthlﬁee%%?‘Ft samddéhea 168 at ed
opposite the spldiehmen®sBo29s fobkédWwR2A1WmindRUNt ed on t he tooI base

and was used for adjusti ng %B’éﬂflgl[ cmeocgha&gttlga of £8P sdsa:&%%ns;% 1.§9,48
e

pl aced on the fiber viat ]
Fi brlok[err] Splisahoasn phafbguretlo i hehteoolbdificatihon aﬂqmmheofadﬂilbepa wer e

prepared hayisng & ol GRge aeghgs %%glﬁ%e%s%e&@aeoltgsgi&& HUL RaVehe

di aneters o (o er end. The tool was
heated to 100[ ersgldce neskc28foPPRS¥iedics thes IpradediPer Fhamping toRdnd

side of the 35 spiicenabPRoReNBACYY Ml Surédéntapdob8epushédad onthend of
a pivoet arm which in turn pushed on the moveable fiber
clamp. The pivot was positioned in such a manner to reduce
20 the forces generated by the force gauge/linear slide
assembly by a ratio of 10 to 1. This will improve the
accuracy of the force measurement on the movable fiber in
making a splice.
Four dry Fibrlok™ Splices were assembled using
25 the new actuation tool. Fiber end face axial compressive
preload was applied with the force gauge/linear slide
assembly. The heated splice nest 20 was not used, heat was
not applied. Two of the four splices had a beveled fiber
to beveled fiber interface, while the remaining two had a
30 beveled fiber to a cleaved fiber interface. The four
completed splices were placed into a thermal temperature
cycling chamber for a long duration Bellcore patterned
temperature cycling test. The cycle pattern was
- accelerated to a four hour complete cycle, starting with:
35 (1) 1/2 hour at =-40°C, (2) 1 1/2 hours transition time from
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[PCT/ US97/ 02812 second fiber was placed into the right hand side of the
splice until it nade contact with the first fiber, and was t hen

cl anped. The force adjustnent screw was rotated until approximately 0.3
pounds (1.3 hE¥s of conpressive force 5 was generat ed, powdoversis he
splice was actuate to clanmp the fiber ends. Both clanps were then

rel eased. Return ss,measured, -56.9dB, with the splice sti II at
100[err]Cin ~—49 ﬁetPoﬁP C’I’h@’sr}i/zcé’%saf:hﬁﬂ Qt 1 b@\)edlotld%

Measur enment s wekr@nkakeon dbine gt tdou $oc@oltbngqoycl eccheﬁuidxfslw xwpéetmﬁgt ed.
The splice was_cooled to PcchRetur | oss

% rpaose. o s te a v P Crea (jﬁﬂ% zo1. 8dB
whil e insertiof FoB% Pemal hed- 4t - 425158 VRt %p’fl ce &f heat ed,
wi t h neasur eneringerfacesi nguldik%rrm waby Tepetitions ioh then@eldsoreached

t 151 0, 23d
?hl S tenpe£§[ lrJ]rte g&r%‘g?apﬁ oss | ncreaseg ng%a?@étw %sﬁ‘i’%&ﬂ&ﬂ&?

agai n cool ed f A& aptémpératnal Fromstari] to mlSh- tﬁ%lﬁﬂlé—ﬁeione was

reached at 134[a%rs.elr£1wtmehnaaﬁyrﬂmreotendured8936d&mﬁéﬁ cyeineB, return
| oss rapidly increased f to 20 degree period and then ingreases

vere extrenely @t E‘Poﬁpproxmately % dAYE - o FHEASUREMENL HELS dagde piLh

conpr essi on thepoIbdB bybaverpagimpdineg readingsectakée fxompadothifeabairsyhi ch
the fibers eparat eepi t tuen. I t t he col der

t enper at ur éé %a(rggbfee t\ogn%e‘?/?oét}%t gtlé:%’Tﬁ §§§§€?§a cqsulrgj""ﬁgl remai ned
fairly stable vm thint heSBéi-te@rb and 2opadagi hgvebaqbefmu ga develedge.

A se:| €s OL te?x%e‘@?ﬁ?:@?ﬁﬁ@é ”%%]Eé’%p‘i‘ﬂ&t@ﬁ 3t afu‘ﬁsﬁmit?idn? bﬁéﬁé{l%%ﬁftﬁ%bgg t he
SSFPCESZ:gWEﬁf HA% %l%aggd fiber 1né£ff;ge. ngllcg fsﬁéééeséﬁﬁ 0O 1se

inch (0.038B mm) diameter end faces and was assembled at

15 0.22 pounds (0.9 Newtons) of fiber preload force. Total
return loss variation was 9.5dB, while insertion loss
variation was 0.05dB. Splice 2 possessed 0.0015 inch
(0.038 mm) diameter ehd faces and was assembled at 0.2
pound (0.89 Newtons) of fiber preload force. The total

20 return loss variation was 14dB, while insertion 1loss
variation was 0.05dB. Splice 3 possessed one 0.0015 inch
(0.038 mm) diameter end face and was assembled at 0.3 pound
(1.33 Newtons) of fiber preload force. Total return loss
variation was 31dB, while insertion loss variation was

25 0.11dB. Splice 4 possessed one 0.001 inch (0.025 mm)
diameter end face and was assembled at 0.1 pound (0.445 Newtons)
of fiber prelcad force. Total loss variation was 6dB, while
insertion loss variation was 0.05dB. Except for splice 3, the
results demonstrated good, stable optical signals with no change

30 in performance from beginning of the test, to its end. Splice 3
performed poorly at the higher temperatures. Upon closer
examination with the OTDR, it was discovered that at B80°C the
fiber end face transition zone had been reached. During some of
the cycles, the end faces would stay in contact yielding

35 excellent return loss, while in others they would separate
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30 dry Fibrlok[err] Splice was placed into the tool nest which remai ned
at roomtenperature. A pair of fibers were prepared with |l ess than
1[err] cleave angle, and bevel di aneters of 0.0015 inch (0.038 nm. The
fibers were gripped in the clanps like the previous test. 35

Appr oxi mat el y nd (0.9 Newtons) of conpressive force PCI/US97/02812
-14- WO BRC00

PCT/ US97/ 02812 was applied to the right side fiber, then the splice
was act uat ed tandrds [thel angicfy ther BRC \idMe perisfedyietfiing Begrer refurp
face transition zgge.for heating was between 129[err] and 134[err] C.

The transition zone for COﬁ%&Hg as ggg&%%ygnl{ﬁo§ i?ﬂQséégﬂéﬂwﬂﬁ:FlgGQEeiO

the first heating cycle, mai ni n terns were very
consistent with ame andrieFibrek SpllQﬁr tahéesﬁl Wéérbetﬁfélfl%ﬁ

Lemperature tgst dfid9ate the etfect of MhdAdke?Braldadaforde Gind beturn
Fibrlok[err] Splice shown in Is fornmed of a qui d, crysta

pol ymer 10 vmtf1¥ﬁ§ﬁ>glésEaFBaHFnﬁséhleﬁﬁﬁgﬁ FHéPSﬁﬁrtﬁ%P?iﬁnﬂQQ%: %g

descri bed above Wddeow) edekat andopevelddcio aimdehhefsaél@mmetenelo@rmnnoxa is
formed of al um num furt he d|f| o] ac |on

t ool 17 i s sHoVahq iRy §198ve T"’Hég];ﬁ) &'ftsl ée%cﬁf "t %lrﬁg@&

a force gauge 35 filwyedweert iheethed| bito suhte S@ﬂ.lt:he and e®ath wm@sltamged

opposite to the fixeg gﬁfgggheekﬁvp'§81¢é¥” The %grclhﬁaga% %ﬂ St from bushed

measur ement probe- pu arm
on the noveabl e f3gxe (0) P@P&ﬁptOTh%eﬁ?Q%ﬁt\ﬂiswﬁé§htFbﬂeﬁlk?FsﬂHﬂﬁlgenﬁﬁﬁer
to reduce 20 the §oricas stareeat ed byckie. f onGe adugeliyi seairsdd d& around

0.3 pound (1.3 Newtons). Increments as low as several
thousandths of a pound were used at the beginning, where
15 several hundredths of a pound (a tenth of a Newton or less)
worked well during the latter stages of the test. Several
trials were made with each splice and fiber pair, and
several tests were conducted using different fiber pairs.
The results from the tests were substantially the same.
20 The lowest return losses usuaily occurred between 0.012 and
0.026 pound (0.05 and 0.1 Newton).
If a Fibrlok™ Splice, splice element is made from
a material other than aluminum, having a coefficient of
thermal expansion closer to glass, return loss performance
25 should improve, using the fiber compression process prior
to actuation of the splice. There is not a wide selection
of materials available that are as ductile and cost
effective as aluminum. Copper was close, and was chosen to
test this theory. The coefficient of thermal expansion for
30 copper is 0.0000141 per unit length per degree C., as
compared to aluminum which is 0.0000238. Several elements
were made, and a dry copper splice was assembled. A pair
of fibers were cleaved and beveled to a 0.0017 inch (0.043
- mm) diameter end face. The fiber end faces were preloaded
'35 to 0.25 pounds (1.1 Newton) and the splice was actuated.
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assenbly by a ratio of 10 to 1. This will inprove the accuracy of the
.force nmeasurenent on the novable fiber in maki ng a splice.

Four dry Fibrlok[err] Splices were assenbl ed using 25 the new actuation
tool. Fiber end face axial conpressive prel oad was applied with the
force gaugendd sfssees! | de assenbly. The heated splice naegirnidome not
used, heat was not applied. Two of the four splices had a bevel ed fiber
to bevel ed fiber interface, while the remaining two had a 30 bevel ed fi ber
to a cleaved fiber intertheetesThshdwrtr the pecﬁﬁnhah@d v&pﬂ isteprisifagpyaced
into a thernal r f duratlon

Bel | core patteﬁg%gpgogwagrm?atfrﬁ%lglgcé;%flc%g esf Oéﬁ]&‘ r“tl%e pattern was
accel er at ed toP§r¢€ﬁmaﬁéﬁr1@EﬁRNQﬁe?ﬂﬁﬁﬁ éhesfarstrkpaﬁan Igle( by 1/2 hour

at -40[err]C, @a}nolstlhadhpuaﬁdtfmdédoiatt kABtf 1OMR1 for the rWRa97443§200

PCT/ US97/ 02812 -40[ err O%O%lgrr] 3).1/2 hour at 80][ errgc (4 1
1/ 2 hours YEIEPri oRPEi (toer £ Pﬁltﬁﬁﬂe§9ﬂ4§ toyardsubhel y
repeati ng. de&ewutaﬁperﬂtuféBfhﬁpﬂﬂrsWESateeyeé¢ﬁphﬁéﬁﬂtodhluhhﬁﬁﬁ

i nterfaces coul sur |ve ptltlon e Bellcore 5 tenperature ’
test pattern, grgT? %%{Bé %’onm St tzlﬁc?l%Eerenc'? e c?ﬁ‘tplaE‘éEBE‘i gnal from
start to finishatﬁﬁur prlcesve froys $dvebltednei t hon hpsidt Xowaedendarmer 530

conpl ete cycle akb 8 I APPSR VAR g¢g§%§ were nade
with t he O'Slt':ﬁlgpgraavera |%€ t@e( %agla}r?ggsg?g%n T¥om ofah f%%e one

at each end0of alm@i §HF‘| geement. o kha dranedtiqrypoint itself was beFhé@s 1

and 2 had a betglecdahebeempordevd athnge aki Feévwﬁgré@@@s WHingCasthifeR 3
and 4 had a bevel ed_fi ber to a cleaved fiber interface. Splice 1 -

possessed 0. 00F3®ELSy (0 038 ) dianmeter end faces and was assenbl ed
at 15 0.22 pounds (0.9 Mptiond)fideds kdatprekopteparret.usihot al quality

cleaving process and the application of bevel geometry on

15 one or both fibers, coupled with the generation of
compressive forces at the fiber interface by the use of
either heat or pressure, or both, inside of a "dry," i.e.
gel-less, Fibrlok™ Splice, can yield stable return loss and
insertion loss performance, equivalent to fusion splices,

20 during Bellcore temperature cycling tests without the use
of index matching materials.

Alternative methods of placing stress on the
splice element to maintain axial compressive forces between
the ends of the fibers upon completion of the splice are

25 discussed. One such method is to apply compression to the
ends of the actuated splice sufficient to cause internal |
plastic deformation of the metal splice element from the
ends toward the fiber interface. The splice element will
thus apply and maintain the compressive forces at the

30 interface throughout the subsequent heating and cooling
environment.

Further, Figure 11 diagrammatically illustrates a
modified splice element 35 comparable to the Fibriok™
splice element, modified to remove material along the sides

35 and form cam surfaces 36 adjacent each end, which cam
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‘return loss variation was 9.5dB, while insertion |oss vari ati on was
.,0.05dB. Splice 2 possessed 0.0015 inch (0.038 mm dianeter end faces
and was assenbled at 0.2 pound (0.89 Newtons) of fiber preload force.
The total 20 return loss variation was 14dB, while insertion |oss

vari ati on wa . Splice possessed one O. i nc J
[ [ q?, o Spl i 3 d 0. 0015 i h PQEUSIHO2843)
ace and

di aneter end was assenbled at 0.3 pound (1.33 Newtons) of
fiber preload force. Total return |oss variation was Sld%&n\gﬂ' | e
insertion | oss \samifacesnangsapgularky gelatsg teethepdgtebed 1§®601 i nch

(0.025 M q;faagﬁr;% wa§ndsl agee apdyyas 12ssenhkedctbabidn pwuld i60. 445
Newt ons) of t1ber préload force. Total |oss éari at ifgnt vvarseogdB, Tﬁ/@i | e
i nsertion | oss eadidiiegh tRabageosqEPr cegy 33pfPERES Thgreon.  TESuIt's

denonstrat ed googhresddihloe capt Boals stgrmdds wiithh cam shafigeeg8010 iwhigdr B&emance
from beginning of the test  to i e i L& osmad, P liteat
& ofmed, FO G’Fr)zgﬁ%e L Re €0 s%}‘?gﬂc&% ,[%.6 to BEL&OE @P1'ike

t he hi gher t cl oser _ $ nation wth the OIDR it was
di scovered t hat eltemdfjter35 Gpohethe appbigatdp ofcELFENSPt Fifh SRIHE®had been

reached. During spie Of 35 ast R€1G¥EESEed KR 18R] Jr26hs ¥WOUl drisd aergrC @t act
yielding 35 excéllTent return |oss, while’in others the% woul d sq_Parate
2 16- Vihe Blzsige deformation of the splice element, in the

PCT/ US97/ 02812  ]ongitaiindy digeebflonf idecdiireiled bhrnehpedibmhnqd dlh@i ng
poorer return l oss. . Lng the_ a at | | rated
by Figure 1010 SPLiff £18%°5 35 3?[:8?#}]%%%? e %%Léetssk’ g\e\%éﬁg%réf%# lr??d to 5
correl ate the ef Artérmdtedng fthee cpmeboafades oo e edepent could be
designed to shear at a selected force which would result in

the desired extension. After insertion of prepared fiber
ends, the elemeﬁt is closed to clamp the fibers in place,

15 and the spreading force placed previously on the element is
removed. With the removal of the spreading force, stored
energy in the element causes a contraction of the element
35, placing the opposed optically aligned ends of the
fibers in longitudinal compression or intimate axial

20 contact.

Figure 12 diagrammatically shows the end view of
the modified element 36 and the spreading cam 39.
Figures 13 and 14 illustrate a further

modification wherein a splice element 45 is rectangular

25 having a longitudinal V-groove 46 along the upper surface
and the ends of the fibers are placed in the V-groove in
firm contact near the longitudinal center of the splice
element 45 and of the V-groove 46. The fibers are then
firmly secured at the opposite ends of the longitudinal

30 groove. While fixing the position of the ends of the
element within a housing, a force 48, see Figure 15, is
applied normal to the top surface of the element 45 in order
to induce bending in the element. The bending force 48
applied should be sufficient to cause plastic deformation of

35 +the element 45 into the shape of an arc, with the secured
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|l oss. A pair of 250[err]mbuffer dianmeter single node fibers wer e

cl eaved and beveled to an end face diameter of 0.0015 inch, with a

cl eave angle of |ess than one degree. Both fibers were inserted into
the splice, and each was clanped 10 in its respective holder. The force
was mcrease%& zero (0) pound to the point at which pdgudorssiz

out si de the @ﬁz?oce started to buckle. This usually occurred at around
0.3 pound (1.3 Newtons). Increnents as |ow as several t housandt hs of a
pound were used fibddwe dmeghéni_ng;daheuefaée se\semlrelsumclreﬂttme ddlastieund

(a tenth of a a# J]:lr%rtl Sﬁ)f the Mé&%%éte@i lEHS l:gé t%nﬁges of

the test. Sever s wer e Wth each $p |ce pair, and

several tests vveslerf(ﬁﬂﬂ@e‘-t dheysilpgenrf erelnngatiss, phils. materqaﬂ;le alesdl t s

fromthe tests woie pHhudtacal,| unibg 855%. c&&aﬁ@ethewsara@&éﬂmda%@es
usual |y occurred between 0.Q12 and 8 sI pou W%O 05 _and Newt on) .
[

I'f a Fibrloker r{hesHikeEs sdisi COMRFRFES nfilffeﬁem%\' isHTesSher
than al um num hgyitie alearhit diseahdothe coxﬁﬂﬂ’slﬁi]onebﬂiaﬂﬁe(ma@ém aieng

gl ass, return |ogs erfor mRce 2 I oy, usin he fikher _.
Sonpr essi on pr oc %, BRagbuBLreet oS raved eBE. 4Rt o it a
wi de sel ection i. eoflmm:uda-mlavampab‘semmat Plastds deforhationd cdodhe
effective as alu %@E& WRS thE 08 Bmp AOLS 14RS €Bn! Phe riB&St 5*5}' St
t heory. The coeffTcCl ent ecﬁélr mal expanS| on 1f %’cofolperei $0.0000141
per unit |erdh pee nprface. as conpar ed to al um num which is

0.0000238. Several el em?nt}ﬁavmg WHOS dBderisddl thediviveapReh $Plifed\ase
assenbl ed. A pair tﬁ’;?i wer,e cIe ved and evea\%g to a 0.0017 |nch
(0o oas S e emrr i Hat, RoRE SRR LS HE Beu o, bR et to
0. 25 pounds (1. lifeydme )diaehstilomss phdcrotadepanttudireth the spirit of the

-17- invention as defined in the appended claims.
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. The test showed. the perfoﬂmmmu)ﬂm singly good consi dering the
use of copper. Return |os ﬂ'u i nproved after the first heating
cycl e by al nost 10dB, and’ r émai'ned at that level for the remaini ng 5
cycl es. The wosuss260 om t he transition point towards the PCIHSOUP2812
tenperatures appears flatter conpared to al um num el enents, possibly
due to the difference in expansion rates. The curve fromthe transition
poi nt towards ikaims tenperatures follows the same rapid increase as
the 10 alum numelenent. The transition point itself was within t he
sanme tenperature range as.prexi pt@céﬁtﬁaru%bu@cahgnwumal f il h¥ing

Optical fibers that prepared usin in rocess _and
Che appl | catl ot P EFEPSgROREET, SOAES SoRid =aPYLERn THERY OF FRSBRERRS (b
t he generation e endscofptbssivieef®ricedeat the f| ber |nt erface by the use
of ei ther heat or pressur by Soi.e.
gel -1ess, FI%bH ok[err] S%I i cegp%:géneé)onr ur&%%ﬂg ur 0 %hslsp'and
insertion | oss performanée, eqnteﬂair@mta tfd beys eod spwc%%ChZIf tdher i ng

Bel | core tenper&ﬁﬂﬂgiﬁEYthggoke§t§1H!f'H¥¥th@ﬁtuﬁﬁssageﬁﬁ | ex sRkehi ng
mat eri al s. ternative nethods of a.Clbéxg ress on the

splice el ement YRMIRS lﬁlﬁfnﬁnﬁxpﬁp%o?ﬁﬁ efs‘é’le\¥eef‘gﬁcé§e veRFact Wb ends of
the fibers uponeaghttleiron of the splice are 25 discussed. One such

met hod is LY apply conpressio e spld,
sufficient ]’to cause int e‘r%nal QCL&'H;}'S |t(§1ede1po?'ﬁ§t|e %ﬁ%&? he rrgtthqpflé}% Fce

el ement fromthends, amdds toward the fiber interface. The splice el ement

will thus apply and g@i nt gifné %.gﬁg__\r egglﬁégcoonggésﬂvé e at

interface throughout the subsequent envi ronnent .
Further, Figurethg inteFtasRarfcariy #’r‘?%}”sﬁ“é’?eénathe eﬁ%‘ﬂ?‘ﬁ &P Fetede

el enent 35 conpiginatd @cnltacki bf! €td efider corepl tELoGEFIEN tenPediatiued t O

remove mat qid al o Gl.ang, IRu2®D d8ardll 4 Pooaly2uL{ages 36 adacent each

2. The process according to claim 1 wherein
said compressive force is applied to said fibers prior to
actuating the splicé element.

3. The process of claim 1 wherein said axial
20 compressive force is applied by heating the element above
80°C prior to actuation of the element and then cooling the
element.

4. The process according to claim 1 wherein
said compressive force is applied by stretching the element
25 to elastically deform the element prior to actuation.

5. The process according to claim 1 wherein the
element is elastically deformed longitudinally of the fiber
aligning passageway prior to actuation to clamp the fiber
ends therein.

30 6. The process according to claim 1 wherein the
element undergoes plastic deformation after actuation to
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WO 97/ 36200 PCT/ US97/ 02812 sur f aces

are angularly related to t”ﬂl“ﬂﬂjﬂ"ﬂ”"!ﬂlm ber passageway 38, see
Figure 12. The actuation't W ed to have a spreading cam 39
formed thereon. The sprea ing cam39 Is formed with cam surfaces 40
which are 5 wig¥Bsbet © engage the cam surfaces 36 to stret clecrivsospiizce

el ement 35 upon the application of force on the splice el emrent 35 as
illustrated by the arrows 41. The | ength of the elastic deformation of
the splice el enphacei a ctrpressivendiorgdi anl thie r e mrendss acohbeol | ed by the
di stance the 10i,8pLEg€e el enent is forced down upon the spreadi ng cam 39.
Alternately, the camsurfaces on the el enent coul d be desi gned to shear
at a selected force which would result in the desired extension. After
insertion of prepared fibér A mefltod phesplimimg the cinssedft opticad the

fibers in placegijlars \ﬁﬁesl Q@,@l BgebQr G Pl aced previously on the
el ement is renoved. q renoval of the spreading force, stored

energy in th® el ement calBes &iEBVEPgcthenents ok Wefdmers togBe pjacing
the opposed opt spaitegdal i gned ends of the fibers in | ongitudinal

conpression or intimte axial cont act . Figure 12
di agrammatical |y shows t% encPe\/ eARPE: the IRRved At of ?Itegrﬁﬁf‘t%n%n‘ﬂf t he
spreadi ng cam 3&he fibers, Figures 13 and 14 illustrate a further

modi fication wherein a splice g ah Qttﬂé Eﬁd%egfeqﬁgngi §a§ﬁ699¥% O?“?%

| ongi t udi nal V-groove 46 al ong per sur
fibers are b@acéHuFﬁlBﬁer%liﬁkﬂﬂﬁﬁlpnln thej ald goinadassegevaiecforgi t udi nal
center of the sghigge elemdient 45 and of the V-groove 46. The flbers are

t hen firmy secured a é t he o 05|ttg end?s1 of the Ion%tudl nal
groove. Wile fixing thedposiRiAm?gr thReSBhYSE ctLetRNt un eélgﬁ¥ﬁf°$}thln a
housi ng, a forcet#8sssee Figure 15, is applied normal to the top

surface of the el enent 45 |n |.e§r§ﬁb&Pﬁ ggifggcgiéhéﬁ%'yito tB ﬁbgqut

The bending force 48 ficrent to cause plast
def ormati onldf %he fhbers e‘ﬂbh]te 4he 5pdicheelemprt ofs amderc sajdt Htrhes'
secured and

£. allowing the splice element to return to
normal condition, thereby placing a compressive load upon
the opposed abutting fiber ends.

20 8. The process of claim 7 wherein said stress
is due to heating of the element.

9. The process of claim 7 wherein said stress
is due to elastically stretching said element.

10. A process for splicing optical fibers
25 comprising the steps of
a. entering an end of each of the fibers to be
spliced into opposite ends of a fiber passageway in a metal
fiber splice element until the ends are in contact with
each other near the center of the splice element,
30 b. heating said metal fiber splice element to a
temperature above B0°C, and
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 PCT/ U897 m mﬁms on the inside surface. As a result of the

pl astic brnhtﬁon of the elenent, material along the bottom
surface of the el enent is el ongat ed, mhlle mat eri al al ong the top
surface, whi@ipsahgmeocontains the V-groove holding 5 the fi BETRAISIH03812
conpressed. It is this differential stress to the elenent 45 and the
conpressi on of the naterial al ong the top surface which places the
fiber end faces in axial, sctlatingispddi ARl ieenplemsitorto PLagp| ento

deformati on of the flbe§|€ﬂ@§tf6@|rﬁl€ﬁﬁ&§n&h§ eaapfﬂsét V@né@rﬁelanmseefl ber
ends at 10 the interfa

H% ihus descri bed
invention it isSPHtRETL Whlﬁﬁp?%ﬁﬁﬁﬂ?N$hFh§P ﬁﬁﬁl? E%f??ﬁughﬁﬁf eaﬁaﬂﬁl?%
material or dompteseide nBosconiss giciaedt odepadiméimrainer syu the of the

i nvention asgdef;igd el Pet BEARATARA HA T3 tne fibers.

11. A process for splicing the ends of optical
fibers according to claim 10 wherein the process includes
the step of cleaving the ends of the fibers to be spliced.

12. A process for splicing the ends of optical
10 fibers according to claim 10 wherein the process includes
the steps of cleaving the ends of the fibers to be spliced
and beveling the end of at least one of said fibers to form
a chamfer or conical end on said at least one fiber.

13. A process for splicing the ends of optical
15 fibers according to claim 10 wherein said fiber ends are
placed in compressive contact in the splice element prior

to actuating the splice element.

14, An optical splice between two single mode
optical fibers comprising
20 a splice element having a longitudinal passageway
for receiving the ends of said fibers approximate the
midpoint of said passageway, and
said fiber ends being placed in axial compression
against each other free of any index matching material.

25 15. A splice according to claim 14 wherein the
end of at least one of said optical fibers is cleaved and
beveled.

16. A splice according to claim 14 wherein the
- fiber ends are polished.
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- 20- WO 97/ 36200 I ms 1. A process for

. splici n ,ﬂﬂum lgl"mumnaw ng I ight transnitting cores conprising the
st eps of e ends of the fibers to be 5 a.
spliced in abutting relatlonshlp, b. entering a fiber end
into each Gyobhsseo Opposite ends of a fiber alignnent paEcEAGRONOR81In a
fi ber splice elenment until the fiber ends are in contact with each
ot her, 10 C. actuating the splice elenent onto the fiber

17. A splice according to claim 14 wherein said
ends of said fibers are in intimate contact at any
temperature between 0 and 40°C due to compressive force
placed on said fiber ends.

5 18. A splice according to claim 14 wherein said
axial compressive force between the ends of said fibers is
the result of thermal contraction of said splice element
after insertion of said ends into said passageway and being
clamped within said passageway.

10 19. A splice according to claim 14 wherein said
fiber ends are in intimate contact at the interface '
resulting from plastic deformation of the splice element
and displacement of the splice element material between the
ends thereof.

15 20. A splice according to claim 14 wherein said
end face of said cleaved and beveled fiber has a diameter
between 0.001 inch and 0.002 inch -(0.025 and 0.05 mm) at
the interface.

21. A splice according to claim 14 wherein said
20 splice element is bent and deformed between the ends to
place the passageway in compression and the fiber ends in
compression.

22. A splice according to claim 18 wherein the
splice element is metallic.

25 23. A splice according to claim 14 wherein the
splice element is formed of metal.

24. A splice according to claim 23 wherein the
metal is aluminum.

-24~



ends, aﬂm“mllum “llu““l mai ntai ni ng an axi al conpressive force at
the int ber ends in the elenent to retain I ntimate

contact bf the fi"er cores t hroughout tenperature 15 cycling between 0

degrees and 40 degrees C. 2. The process according to
claim 1l wheygidginezoo said conpressive force is applied to sBEFHUSITR$Z pri or
to actuating the splice el enent. 3. The process of

claim1 wherein said axial 20 conpressive force is applied by heating the
el ement above 80[ er 3G pA EPLEGCaBEERFIHI d° (Heid| dhehethif ¢
cooling the gigéfn@ids are placed in coﬂtact'ﬂﬂﬁq&reaeailanccmmbﬂqsdnrecla|n1

25" o el ast | cAPFSR GO B mchi e BRUAEC pFF BPe AeTa T gRed v claned ™"

5. The process satdrehdsmy to claim1l wherei n the el ement is
el astically defornmed longitudinally of the fiber al i gni ng passageway
prior to actuation to cl he f nds t her.ei.n

The process” according to ¢l ai msf :?o%& gf'ﬁof g to ecllgr}‘gn?guwa%?%ﬁ)nessa& ast ic

def ormati on af fébencénds iane toriginally placed in a fiber splice elxment
VO 97/36ZOQ P ated to ?]tﬁmperaturg above g80°cC prﬂ%;“QySgZEQgé@gh of place
a conpressive torce on the ber s at the terface.

the element and said compre551ve force is applied by

cocoling the element.

10 27. A splice to claim 24 wherein said splice
element is stretched to elastically deform the element
prior to actuation of the element to apply said compressive
force upon said fiber ends upon removal of the stretching
force.

15 28. A splice according to claim 14 wherein the
element is elastically deformed longitudinally of the fiber
aligning passageway prior to actuation to clamp the fiber
ends therein.

29. A splice according to claim 24 wherein the
20 element has undergone plastic deformation after actuation
to place a compressive force on the fiber ends at the

interface.

30. A tool for use in completing a splice
between two optical fibers comprising a base,
25 a nest placed on said base for receiving a Sp;ice
element, '
heating means in said nest for heating a said
splice element placed in said nest, and means for
supporting fibers with the ends placed in a said splice
- 30 element.

-25=-



JARMPRRIIN © 22 76 S202.o' 5Bl o (heF BBl B 11
y L *

7.
4

a.
spli<€e b. beveling the cl eaved end of at |east one of
the fibers, c. placing the ends of the beveled fibers into
10 abutti ng weloasé0mshi p in the aligning passageway of a  pCHPSI702812
el enent d. placing the splice el enent under physical

stress, e. clogsing the splice element onto the ends of 15
the fibers while the splPde efehett 3ecasding o ¢lsimedl whereimgaid

f. allowing thmseplsuppoetenmasns OfsLtapplyiidg forBe’ BB a£OTWldt Yhe Lizer €by
pl aci ng a Conpﬁﬁﬁié%ﬁ E@%? gpog t he .opposed abuttjng fiber ené%. 20
8. The process o dPSER TOWREFRTY xad rgssion; ge R e fibes of

t he el enent. interfaces in a9said THplimeoedement.cl aim 7 wherein said '
stress I's due to elastically stretching said el ement.

10. A procegs for splici optigcal. fibers 25 conprising the steps of

a. enteri %g an end of gg(’:h %fgs%]e #?xbéﬁsse &8 ﬁgg‘pietélg‘yi%eﬁ’li‘rﬁeo opposi te
ends of a fiberogtweengswayophicahefitlers complrdsinglice el enent until the
ends are in contact Wi thy paggach other near the center of the splice

el ement, 30 b. heating said netal fiber splice elenent to a
t enper ature above 80[ err fcheghgon said base for receiving a splice -22-
element,
10 an actuating lever positioned to actuate a said

splice element placed in said nest to grip the ends of two
optical fibers to be spliced,
means on said base for clamping one of said
fibers having its end positioned generally midway into said
15 splice element, and slide means for clamping the other of
said optical fiber for placing axial compressive force onto
said fibers at the interface in said splice element.

33. A tool according to claim 31 wherein said
nest includes means for heating said splice element.

20 34. A tool according to claim 32 wherein said
slide means for clamping the other of said optical fibers
includes a linear ball slide having a compression spring to
apply the axial compressive force onto an optical fiber.

35. A tool according to claim 32 wherein said
25 slide means for clamping the other of said optical fibers
includes a movable fiber clamp and a force gauge for
forcing said movable fiber clamp toward said nest to apply
said axial compressive force onto an optical fiber.

-26—-
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- C. actuating said splice elenent . to:clanp onto the fiber ends for

mai ntaining the fiber ends in intinate contact while cooling the splice
el enent, whereby an axi al conpressive force is placed on and nai ntai ned
at the 5 int gy Amgobet Ween the ends of the fibers. PCT/US97/028121 . A
process for splicing the ends of optical fibers according to claim 10
wherein the process includes - the stepypf cleaving the ends of the
fibers to be spliced. ' 12. A process for splicing the ends of
optical 10 fibers according to claim 10 wherein the process includes

the steps of cleaving the ends of the fibers tqobe spliced and bevel ing
the end of at least one_af said fihers ta forfm a chanfer/or conical end

on said at | east one fib

13. A process fo qplicing t he
ends of optical 15 fibe [

s-according t.o..cl.aim10 wherein_saild fiber ends

are pl aced i n conpressivVé contact i'n"tThe splice erement fprior to
actuating the splice el epent. 14. An optical |splice between
two" si ngl e node opt i‘cat—tTters—comprTsTg—20 a splice

el enent having a |ongitudinal passagepsy . .jfor receiving the ends of said
fibers approximate the m dpoi nt (ﬂ‘ﬂgﬂﬁ Jassageway, and

said fiber ends being placed in axial conpression agai nst each ot her
free of any index matching material. 25 15. A splice according

to claim 14 wherein the
cl eaved and bevdl
wherein the

at | east one of said optical fibers is
16. A splice accor?%ﬂg to claim14

13

2 P




fi ber ends are polished. - 23-
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17. A splice according to claim 14 wherein said ends of said fibers are
inintimte contact at any tenperature between 0 and 40[err] C due to
conpressi ve fQbfikr00 Pl aced on said fiber ends. 5 PCT/US9T/82812 A
splice according to claim 14 wherein said axi al conpressive force

bet ween the ends of said fibers is e result of thermal contraction of
said splice el enment after insertion of said ends into said passageway
and bei ng cl anped within said passageway. 10 19. A splice
according to claim 14 wherein said i ognds are in intimte contact
at the interface resulting from pl ef ormati on of the splice

el ement and di spl acement of the spl | ement material between the

ends thereof. 15 17 20. A spll~ee| according to claim 14 wherein
said end face of sai d\cl eaved and ed fiber has a dianeter

bet ween 0. 001 inch and O%i nch - (0. d 0.05 mm at t he

i nterface. A splicC cording to claim 14 wherein said

20 splice el enent DEjjyveen the ends to

pl ace the
passageway in conmpyession and tﬂeﬂf?_l_ en s-ﬁﬂ

0 RETURN LOSS (-DB'S)
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.conpr essi on.

22. A splice according to claim 18 wherein the

splice elenent is netallic. 25 23. A splice according to
claim 14 wherein the splice elenent is forned of netal

24. A splice according to claim23 wherein the metal is alum num
-24- . \4\962%3/ 36200 PCT/US97/02812
PCT/USQ?/OZEH%? 25. A splicgygaccording to claim24 wherein
sai d fi ber ends are placed in contact under an axial conpressive
force prior to the splice elenment being closed and cl anped on said
ends. 5 26. A splice according to claim24 wherein said

fiber ends are originally placed in a fibhe
t enperature above 80[err]C prior to actud
conpressive force is applied by cool
A splice to claim24 whereiqy said splice
elastically deformthe el enext
apply said conpressive fo

stretching

qeelamnt heated to a
the el enent and sai d
¢ elenment. 10 27.
el enent is stretched to
tuation of the elenent to

B of the

28 29
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force. 15
. elenent is
passageway
29. A splic
pl astic def
fi ber ends
conpl eti ng
a nest plac

heating means in said nest for

sai d nest,

said splice
WD 97/ 36200
31. A tool

applying fo
conpr essi on
32. A tool

28. A splice according to claim 14 wherein the
el astically deforned |ongitudinally of the fiber al igni ng
prior to actuation to clanp the fiber ends therein.
e according to claim24 wherein the 20 elenent has undergone
Wd’@l{?kﬂﬁ‘ after actuation to place a conpr ePSIE¥BP e on the
at the interface. 30. Atool for use in
a splice bet ween two optﬂéﬁl fi bers conprising a base, 25
ed on said base for receiving a splice el ement,
heating a said splice el enent placed in

a nmeans for gsupportinggfi bers with the ends placed in a
30 jel ement. _ - 25-
PCT/ US97/ 028 é
acH sai d base s : 6 reans for
re d fibers to affloy f/aki'al
b ces in a said gp el el enent 5
i e 35
- 39
~ w !l ] 40
40 40 4 ,/

46
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betyveen two optical fibers conprising a base, IRes gopy
nest on said base for receiving a splice el ement, 10 an
actuating | ever positioned to actuate a said spllce el enent placed in
said nest to grip the ends of two optical fibers to be spl i8S

nmeans on said base for clanping one of said fi bers having i

posi ti oned gener PETi dway i meﬁmﬂ‘g%?%ﬁ?" and s| N

conpr coetvANTERSATERRL AFuicandi® piniRli Pk il dtdictiteRa AN irmary @cn
el ement .| (51) International Patent Clas@iation’§ 1 0ol acfor g Kngnﬁmmham@&ibnnmnel ryaWD 97136200

nest i ngl udeeepeas for heating said :Aﬂl ce el enent
tool acdording to claim32 wherein sa m”Q‘\"r"ﬁ'é“’h%’é'ffE““?B?“ cl adprey '?%@2'097’

ot her off said optical flbers
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A mechanical
optical fiber splice with
does not employ any 17
gel material with a
matching refractive index,
wherein the fiber ends 20
are prepared for intimate
axial compressive contact
and the fiber end faces
arc maintained in the
splicc element in opticaily
aligned intimate contact
under axial compression,
as the result of heating,
clastic deformation or
plastic  deformation of
the splice element. A
fixed clamping mechanism
(25) was attached to the
actuating tool (17) at the
left side of the splice nest
(20), and positioned to
- grip the fiber immediately
as it exited the splice. A
second fiber clamp (23) was mounted at the right side of the splice nest (20) on a linear ball slide with approximately 0.1 inch (2.5 mm)
travel. A compression spring (26) was in contact with the ball slide, and located opposite the splice nest (20) a screw was mounted on the
tool base and was used for adjusting the force that the compression spring (26) placed on the fiber via the ball slide.




